Objective: To evaluate the efficiency of a combination of trimethoprim and sulfamethoxazole in patients with spinocerebellar ataxia type 3/Machado-Joseph disease (SCA3/MJD).
*SCA3/MJD indicates spinocerebellar ataxia type 3/Machado-Joseph disease; PNP, peripheral neuropathy; EPMS, extrapyramidal motor signs; plus sign, present; minus sign, absent; 1, walks without support; 2, needs a stick or a stroller; and 3, confined to a wheelchair.
PATIENTS AND METHODS

PATIENTS
We studied 22 patients (12 men and 10 women; mean age, 44.7±11.0 years) with genetically confirmed SCA3/MJD, representing 15 families. Informed consent was obtained from all patients after the nature of the trial had been fully explained. The study was approved by the ethics committee of the Ruhr-University, Bochum, Germany. In addition to sociodemographic variables, extensive clinical and disease information (duration of disease, CAG repeat length, and phenotypic variables, eg, cerebellar symptoms, pyramidal signs, peripheral neuropathy, and extrapyramidal motor signs) was assessed in each patient. Disability was measured using gait disturbance as the key symptom. Each patient was categorized in 1 of the following 3 distinct categories: patients who were able to walk 10 m unassisted; those who needed support, such as from a stick or stroller; and those who were confined to a wheelchair ( Table 1 ). All patients included in this study were able to stand without assistance.
METHODS
Patients were randomly assigned to receive trimethoprimsulfamethoxazole or placebo during the first trial phase. In the second phase, treatment crossed over to the alternate preparation. Complete evaluation of all study items was performed at the beginning, after 2 weeks, and at the end of each 6-month phase, constituting 6 study visits for each patient. The 2 treatment phases were separated by a washout period of 4 weeks (Figure 1 ).
Trimethoprim-sulfamethoxazole tablets and similar lactose placebo tablets were provided by Glaxo-Wellcome (Hamburg, Germany). Trimethoprim-sulfamethoxazole dosages were trimethoprim, 160 mg, and sulfamethoxazole, 800 mg, twice daily for the first 2 weeks and a combination of trimethoprim, 80 mg, and sulfamethoxazole, 400 mg, twice daily for the remainder of the 6-month phase.
At the beginning of each treatment phase, a urine sample was examined to exclude urinary tract infection. Blood cell counts and routine blood chemistry analysis were performed at the baseline and end point of each study phase.
Clinical rating included the modified ataxia score of Klockgether et al, 17 expanded to include items to assess noncerebellar effects of SCA3/MJD, eg, dysphagia, visual impairment, peripheral neuropathy, spasticity, incontinence, and sleep disorders ( Table 2) . For all items, higher scores indicated worse functioning. A score of 0 indicated normal performance or absence of symptoms. All examinations were performed in a standardized manner, in the same sequence, and were supervised by the same investigator (L.S.).
Ataxia of stance was documented and quantified by means of static posturography using a force-measuring platform monitored by a computer. The subject was asked to stand still with both eyes open, looking at a target placed at 50 cm in front of the eyes. The data from the 3 components of the force acting on the platform were converted from analog to digital and entered into a computer. A program calculated the changes in position of the resultant vector, from which the average center of foot pressure was obtained. 18 Calculation of the sway path of the center of foot pressure (in millimeters per second) was performed as described by Diener et al. 18 Recording time was 32 seconds. Dexterity was quantified with the motor performance test of Schoppe, 19 using the subtest plugging. The of SCA3/MJD patients. 13, 16 All 4 studies included only a small number of patients and had short, if any, placebocontrolled periods. Therefore, we conducted a doubleblind, placebo-controlled crossover trial to test the effect of trimethoprim-sulfamethoxazole therapy in 22 patients with genetically confirmed SCA3/MJD (Figure 1) . We analyzed short-and long-term effects and performed posturography and a computer-based dexterity test, and obtained achromatic contrast sensitivity, color discrimination, and clinical scores. Subgroup analyses using clinical and genetic variables were performed to search for subtypes of SCA3/MJD responding to trimethoprim-sulfamethoxazole.
RESULTS
Twenty of 22 patients completed the study. Dropouts were due to a rash after 3 weeks in the placebo phase and an attempted suicide in a family conflict after 4 months in the trimethoprim-sulfamethoxazole phase. Except for minor gastrointestinal problems in some patients, no relevant adverse effects were noted with long-term administration of trimethoprim-sulfamethoxazole in SCA3/MJD patients. Likewise, there were no changes in blood cell counts or results of blood chemistry studies.
Trimethoprim-sulfamethoxazole had no significant effect in SCA3/MJD patients in the short-term analysis (2 weeks) or in the long-term interval (6 months). Detailed data are presented in Table 3 . The ataxia sum score improved slightly after 14 days, albeit in both the trimethoprim-sulfamethoxazole and placebo phases and without significant differences. Also, no trend was observed in clinical scores in patients receiving trimethoprim-sulfamethoxazole or placebo (Figure 2 ). In particular, spasticity, which was reported to improve throughout the previous reports, showed no alterations during trimethoprimsulfamethoxazole treatment (Table 3) .
Sway path in posturographic analyses did not differ significantly at baseline between treatment groups. Neither placebo nor trimethoprim-sulfamethoxazole had a significant effect on sway path after 2 weeks or 6 months of treatment. Dexterity in the motor performance test improved minimally but not significantly (repeated measures analysis of variance; right, P = .62; left, P = .75). Similarly, a tendency toward improved color discrimination in the Farnsworth-Munsell 100-hue test was observed for short-and long-term evaluation. However, these minor effects occurred with trimethoprim-sulfamethoxazole as well as with placebo (Table 3) . No relevant alterations were found in the achromatic Vision Contrast Test System. The SF-36 did not show relevant changes in the subscores for general or mental health or for physical functioning. subjects were asked to transfer 25 pins (diameter, 2.5 mm; length, 5 cm) one by one as quickly as possible from a rack to a block with appropriate holes (diameter, 2.8 mm) in a contact board. The time interval between plugging in the first and the last pin was measured. 19 This subtest was found to be pharmacosensitive and, therefore, suitable for drug trials. 20 Achromatic contrast sensitivity was measured using stationary targets provided by the charts of the Vision Contrast Test System, 21 with luminance kept at 130 candelas per square meter. Each chart was presented from a 3-m distance. The subjects gave verbal responses regarding the orientation of the grating, ie, vertical, horizontal, or right or left oblique. Spatial frequencies were 1.5, 3, 6, 12, and 18 cycles per degree. Each row contained a sinusoidal grating of the same spatial frequency but decreasing contrast from left to right. The number of the last discernible target was recorded as the threshold.
Color discrimination was measured using the Farnsworth-Munsell 100-hue test. 22 The examinations were performed in a noise-isolated darkened room, with the color plates illuminated by a daylight lamp (Osram 6500 K; Biolux, Munich, Germany). As recommended for patients with movement disorders, no time limit was applied to the completion of the test. Total error score and scores for the blue-yellow and green-red axes were determined using a method previously proposed. 23 Self-reported health status was assessed using the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36). 24 The SF-36 originally has 8 subscales, ie, physical functioning, bodily pain, role limitation due to physical health problems, role limitation due to personal or emotional problems, general mental health, social functioning, vitality, and general health perceptions. In this study, we restricted the assessment to the following 3: general health, mental health, and physical functioning.
To evaluate whether treatment had different effects on specific subgroups of patients, we categorized all patients into 2 age groups (Ͻ45 and Ն45 years), presence of neuropathy, spasticity, and extrapyramidal symptoms (all yes or no), and length of CAG repeats (Ͻ72 and Ն72 repeats).
STATISTICS
Differences in clinical scores between baseline and second (after 2 weeks) and third visits (after 6 months) were tested for each treatment arm separately using nonparametric tests (Kruskal-Wallis test and Cuzick test for trend). Results of diagnostic examination were transformed if not normally distributed and tested using repeated-measures analysis of variance within each treatment arm separately. Differences between treatment arms at baseline and follow-up visits 1 and 2 were tested using Wilcoxon rank sum test for clinical scores and t test for the results of diagnostic examinations. This was also done for the 3 subgroups defined above. In addition, we calculated relative changes in cerebellar score and color discrimination between follow-ups 1 and 2 and tested their differences to evaluate whether the relative magnitude was different between treatments. For this analysis we used the Wilcoxon signed rank test (cerebellar score) and t test (color discrimination). Finally, quality-of-life scores (medians) were tested between the placebo and treatment groups using the Wilcoxon rank sum test. Figure 1 . Profile of the randomized controlled crossover trial. . Ataxia rating scale of 22 patients with spinocerebellar ataxia type 3/Machado-Joseph disease before and with treatment with a combination of trimethoprim and sulfamethoxazole or with placebo. Ataxia was rated using the modified method of Klockgether et al, 17 and described in Table 2 . Higher scores indicate worse performance. 5.7 ± 0.9 5.8 ± 0.5 5.8 ± 0.6 5.7 ± 0.6 5.9 ± 0.7 6.0 ± 0.6 3 6.1 ± 0.7 6.1 ± 0.6 6.2 ± 0.5 6.0 ± 0.8 6.1 ± 0.9 6.0 ± 1.0 6 4.2 ± 0.9 4.5 ± 1.4 4.7 ± 1.0 4.6 ± 1.1 4.6 ± 1.2 4.6 ± 1.4 12 2.2 ± 1.6 2.8 ± 1.4 2.6 ± 1.0 2.1 ± 1.3 2.8 ± 1.5 2.4 ± 1.2 18 0.5 ± 1.0 1.0 ± on gait disturbance, spasticity, hyperreflexia, and/or contrast sensitivity as published previously.
This discrepancy may be caused by 3 major problems shared by all previous studies. First, all were performed in isolated cases or in a small group of at most 8 patients. Only in the study of Sakai et al 16 were diagnoses genetically confirmed. Second, all had only short, if any, placebo-controlled periods, lasting a maximum of 4 weeks. Third, quantitative methods to measure the course of the disease during the trial were rare or missing. Only Sakai et al 16 and Mello and Abott 13 used timed motor activities as an objective measurement in addition to clinical rating scores. This is the first trial that included 22 patients (more than all previous studies together) with genetically confirmed SCA3/MJD in a placebo-controlled crossover study. We evaluated short-and long-term effects of trimethoprim-sulfamethoxazole therapy for SCA3/MJD. In addition to clinical rating scales and a self-assessment questionnaire, we introduced objective variables, eg, posturography, the motor performance test of Schoppe, the Farnsworth-Munsell 100-hue test, and the Vision Contrast Test System. Even with these well-elaborated and comprehensive methods, we found no significant effects of trimethoprim-sulfamethoxazole in SCA3/MJD patients. Since previous studies investigated only small groups of patients, positive effects of trimethoprim-sulfamethoxazole might have been confined to individual patients or subtypes of SCA3/MJD. Therefore, we performed subgroup analyses to evaluate effects of age, sex, age at onset, duration of the disease, and CAG repeat length on test performance. No clinical subgroup (defined by peripheral neuropathy, spasticity, and extrapyramidal motor signs) improved with trimethoprim-sulfamethoxazole therapy. This point is especially important, because discrepancies between this and previous studies may be attributed to different phenotypes of SCA3 and MJD. 7 Positive effects of trimethoprim-sulfamethoxazole in previous studies were seen for symptoms like spasticity and contrast sensitivity, which SCA3 and MJD have in common. We also included patients with extrapyramidal affection, faciolingual fasciculationlike movements, and (mild) pseudoexophthalmos. These symptoms define the main differences between SCA3 and MJD.
We observed short-term (14-day) effects in a few patients receiving trimethoprim-sulfamethoxazole, but we found similar effects in patients receiving placebo, demonstrating the magnitude of placebo effects in ataxia trials. No patient had concordant improvement throughout the tasks for a treatment period of 6 months.
Sakai and colleagues 16, 25 set up a hypothesis about how trimethoprim-sulfamethoxazole operates in SCA3/MJD. They found biopterin levels to be reduced in cerebrospinal fluid of SCA3/MJD patients. According to results of animal studies, trimethoprim-sulfamethoxazole raises the levels of brain biopterin, which secondarily leads to increased levels of dopamine, norepinephrine, and serotonin. According to Sakai and coworkers, 16 trimethoprim-sulfamethoxazole may exhibit an effect in SCA3/MJD due to these neurotransmitter changes. However, the same authors showed in a later study 25 that the biopterin effect after 10 days in 5 SCA3/MJD patients was substantially worse compared with patients in their trimethoprim-sulfamethoxazole study. 25 The effect did not differ significantly from that of placebo.
This trimethoprim-sulfamethoxazole study is one of the first ataxia treatment trials that takes the genetic nature of the diseases into account. Former investigations mostly examined groups of patients with ataxia and undefined or heterogeneous genetic backgrounds. This may be one reason why an effective therapy for most forms of ataxia is still lacking.
CONCLUSIONS
Using a placebo-controlled, double-blind crossover design, a study period of 6 months, and a homogeneous, genetically determined study population, we concluded that trimethoprim-sulfamethoxazole is not an effective treatment for SCA3/MJD. Recent research tremendously improved our insight into the pathogenesis of ataxia disorders. Since pathogenic pathways differ between forms of ataxia, future drug trials should consider the genetic background of these diseases. Because of the small numbers of patients, placebo-controlled crossover designs should be applied to reduce confounding. With respect to the slowly progressive nature of the disease, long-term studies are necessary to detect effects on the course of the disease. For the same reason, surrogate markers should be found to reflect disease activity or pathogenic factors influencing disease progression.
